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DAEN-CWE-B (NEDED-E, 25 Oct 74) 3rd Ind

SUBJECT: Park River Local Protection, Connecticut River Basin, Hartford,
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DA, Office of the Chief of Engineers, Washington, D.C. 20314 17 January 1975
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The information furnished and the actions indicated in the 2nd Indorsement
are satisfactory.

FOR THE CHIEF OF ENGIMEERS:

C__; ‘ = f\\\ —{-t:r

1 Inel fHCMER B. WILL

wd : \. Chief, Engineering Division
Director of Civil Works
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NEDED-T (25 Oct 74) 2nd Ind

SUBJECT: Park River Local Protection, Connecticut River Basin,
Hartford, Connecticut, Design Memorandum No. 7 - Detailed
Design of Structures: Part 1 - Box Conduit

DA, New England Division, CE, Waltham, Mass. 02154 12 December 1974 .
TO: HQDA (DAEN-CWE-B), WASH DC 20314 .

The following actions and clarifications are presented in vresponse to.
referenced comments: '

a. Paragraph 2. Earthquake Forces (Paragraph 12e, DM-7) shall be’
revised as follows:

Earthquake forces for the conduits and junction box will be
considered in final design using 0.05g, loaded laterally, of all con-
crete elements and dead loads above the top of base slab in addition
to applying laterally the difference of at-rest and active pressure
opposite to the direction of motion. Allowable stresses will be in-
creased one-third.

b. Paragraph 3a. The possible variation of soil conditions for
the conduits founded on till is in a spectrum above that required to
produce uniform soil bearing pressure, The modulus of subgrade reaction
required to produce uniformity was found to be less than 20 kips per
cubic foot (see inclosure) which is the modulus for loose sand or soft -
clay, similar to conditions existing at Sections 7 and 9 Conduits which
are founded on piles. This variation is remote in the reaches proposed
for Sections 2, 4 and 5 and, as presently designed, the conduits axe
adequate for a range of subgrade reaction above 60 kips per cubic foot.

c. Paragraph 3b. Reference the article by Karl Terzaghi entitled-
"Evaluation of Coefficients of Subgrade Reaction" found in Geotechique
March 1955 Volume 5, Number 1, Page 314 Table 1, Page 315 Table 2 and
correction factor, equation 8. The dense and hard range was selected
to represent till characteristics and reduced by the referenced cor-
rection factor, resulting in ks of 170 kips per cubic foot. Note the
units expressed for Tables 1 and 2 are Tons per cubic foot.

d. Paragraph 4. The sheet pile cutoff will be relocated and
placed vertically just inside the f£irst upstream batter pile.

Incl (2 cys) | OHN Wat» LESLIE -

FOR THE DIVISION ENGINEER:

~ As stated - Chief, Engineering Division

’
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DAEN-CWE-B (NEDED-E, 25 Qct 74) 1st Ind

SUBJECT: Park River Local Protection, Comnecticut River Basin,
Hartford, Connecticut, Design Memorandum No, 7 - Detailed
Design of Structures: Part 1 - Box Conduit

DA, Qffice of the Chief of Engineers, Washington, DC 20314 4 Dec 74

TO: Division Engineer, New England
ATTN: NEDED-E

1. Approved, subject to the comments furnished in the following
paragraphs,

2. Paragraph 12e, This paragraph states that seismic forces have
not been considered but GDM Phase II, Part I - Box Conduit, paragraph
18 states that an earthquake acceleration of .05g will be considered,
This discrepancy should be corrected,

3. Paragraph 13,

a, The possibility of non~uniform soils conditions resulting in
uniform bearing pressures should be investigated, If it is possible
that uniform bearing can occur at some time during the life of the
box conduit, the design should be checked for such a condition.

This loading condition may result in overstressing the thin sections
of the boxes, . -

b. The selected value of modulus of subgrade reaction for
foundation till is unreasonably high and should be justified, 1In
addition, the stated units for this constant are incorrect,

4, Appendix A, Plate 7A-3, Typical "Tee" Wall Section, Consideration
should be given to a pile arrangement that uses batter pile and vertical
pile. This would eliminate the need for driving the MA-22 sheet piling
cut-off on a batter. Consideration should also be given to a scheme
using vertical pile and a key and sloping base to develop passive
resistance.

FOR THE CHIEF OF ENGINEERS:

~ o, Qe
PIR T (e TP VN
1 Incl < BOMER'E, R WES
wd = Chief, Engineering Division

Divectorate of Civil Works



DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS -
424 TRAPELO ROAD
WALTHAM, MASSACHUSETTS 02154

REPLY TO
ATTENTION OF:

NEDED-E 25 October 197k

SUBJECT: Park River Local Protection, Connecticut River Basin,
‘Hartford, Connecticut; Design Memorandum No. 7 -
Detailed Design of Structures: Part I - Box Conduit

HQDA (DAEN-CWE~B)
WASH DC 2031k

In accordance with ER 1110-2-1150, there is submitted herewith
for review and approval Design Memorandum No. 7, Detailed De-
sign of Structures: Part I - Box Conduit, for the Park River
Local Protection, Connecticut River Basin, Hartford, Connecticut.

FOR THE DIVISION ENGINEER:
A/ \b.__?h\;\

Incl (10 cys) N Wm. LESLIE
as eof, Engineering Division




Number

M N+

W

WATER RESOURCES DEVELOPMENT PROJECT -

PARK RIVER LOCAL PROTECTION

CONNECTICUT RIVER BASIN
HARTFORD, CONNECTICUT

DESTGN MEMORANDA INDEX

Anticipated
Submission Date Date
Title Date Submitted Approved
Hydrology 16 Feb 73 12 Apr 73
GDM - Phase I - Plan Formulation 30 Mar 73 16 Jul 73
GDM - Phase II - Project Design,
Site Geology & Interior Drainage
Part I -~ Box Conduit 30 Avg 7Th 18 Oct Tk
Part IT - Auxiliary Conduit Nov 7k
Hydraulic Analysis Oct 74
Concrete Materials Jan 75
Bribankment & Foundations |
Part I - Box Conduit Jan 75
Part IX ~ Awdliary Conduit Aug 75
Pumping Stations Yov Th
Detailed Design of Structures
Part I - Box Conduit 25 Oct 74
Part 1T - Auxiliary Conduit Aug 75
Site Ceology
Part II ~ Auxiliary Conduit Mar 75



" WATER RESOURCES DEVELOPMENT PROJECT

PARK RIVER LOCAL PROTECTION
CONNECTICUT RIVER BASIN

HARTFORD, CONNECTICUT

DESIGN MEMORANDUM NO. 7
DETATLED DESIGN OF STRUCTURES

PART I - BOX CONDUIT

: DEPARTMENT OF THE ARMY
NEW ENGLAND DIVISION, CORPS OF ENGINEERS
WALTHAM, MASSACHUSETTS

OCTOBER 1974



Paragraph

10.

WATER RESOURCES DEVELOPMENT PROJECT

PARK RIVER LOCAL PROTECTION
CONNECTICUT RIVER BASIN
HARTFORD, CONNECTICUT
DESIGN MEMORANDUM NO. 7
DESIGN OF STRUCTURES

. CONTENTS

Subject
A. PERTINENT DATA

B. INTRODUCTION

Purpose

Scope

Previous Reports

Location

Description of Project

C. HYDROLOGY AND HYDRAULICS
General

D, FOUNDATIONS

Foundation Conditions

"a. General

b. At Proposed Conduit Locations
¢. Foundation Design

E. CONCRETE
Genéral

F. ARCHITECTURAL DESIGN
General

G. STRUCTURAL DESIGN

Purpose and Scope

Page No.

W

Wi Wwiww



Paragraph
11.

12,

13,

14.

15.

16.

Subject

Desgign Criteria

a.
b.
c.
d.
e.
f.

g.

General

Concrete

Reinforcement

Steel Sheet Piling

Steel Bearing Piles

Increase in Normal Working Stresses
Waterstops

Basic Data and Assumptions

a,
b.
C.
d,
e,
f.
2.
h.

i.

Loads

External Water Pressures
Internal Water Pressures
Earth Pressure
Earthquake Forces

Frost Protection

Uplift Factor of Safety
Location of Resultants
S5liding

Preparation of Design Computations

Design of Structures

a.
b.
C.
d.
e.
£.

General

Twin Conduits

Junction Structure

Concrete Headwalls

I-Type Sheet Pile Headwalls
Inlet Structures

Construction Procedures

H.

COST ESTIMATES

Estimate of Costs

ii

" Page No.

0000w~

[e]

10
10
10
10
10
10

10
10
10
11
13
14
15
15
16
16

16



Plate No.
7A-1

TA~2

7A-3
TA=4
7A-5
7A-6
14-7
7A-8
7A-9
7A-10
7A~11
7A~12
7A~13
7A~14

7A-15

LIST OF PLATES

Title
General Plan

North Branch Conduit ~ Section 9 ~ Plan, Profile
Section

Box Conduit at Section 9 ~ Profiles and Séétions
Inlét Structure ~ Section 9 ~ Plans and Sections
Box Conduit at Section 7 - Plan and Profile, No.
Box Conduit at Section 7 - Plan and Prbfile, No.

Plan of Junction Structure

" Junction Structure - Sections and Detéi}.s _

Plan and Profile, No.

Box Conduit at Section 4

Bok Conduit at Section 4

Plan and Profile, No.

Box Conduit at Section 2

Plan and Profile, No.
Box Conduit at Section 2 - Plan and Profile, No.

Box Conduits at Sections 2 and 7 - Sections

Box Conduits at Sections 4, 5 and 9 - Sections

Loading Diagrams

iid

and



WATER RESOURCES DEVELOPMENT PROJECT

PARK RIVER LOCAL PROTECTION
" CONNECTICUT RIVER BASIN
HARTFORD, CONNECTICUT

A. PERTINENT DATA

PURPOSE Flood Control
LOCATION
State Connecticut
County Hartford
City ‘ Hartford
River Park River & North and South
Branch Park River
River Basin Conpecticut

PARK RIVER DRAINAGE AREAS

Park River at the Mouth 78.7 Square Miles
North Branch Park River 27.7 Square Miles
South Branch Park River 47.0 Square Miles

RECORD OF MAJOR FLOODS

Year Month Pegk Discharge, c.f.s. #
1936 March 5,400
1938 January 5,650
1938 September 5,320
1955 August 14,0060
1955 Octobef 6,420

*Gage at Riverside St. on Park River about 600 feet below junction of
North and South Branches.

AREAS
Subject to flooding, Acres 3,000
Tnundated 1955 flood of record,
Acres 2,300
Properties protected Industrial, commercial,

residential and public



TWIN-RECTANGULAR BOX CONDUIT

Material
Length
Conduit Sections in Feet
Existing (12,743 ft):
Original (1944 5,600
Section 1 : 1,213
Section 3 1,710
Section 6 1,460
Section 8 2,760
Proposed (4,036 ft):
Section 2 1,232
Section & 1,337
Section 5 103
Section 7 1,044
Section 9 320

Reinforced Concrete

Half Section

Width

30t_01l
341-0"
340"
36 1 "'0"
22'-o"

340"
34"-0"
36'-0"
22 T __On
220"

SYSTEM DISCHARGE FOR DESIGN FLOOD CONDITION

(Conn.'River Stage of 30 ft. MSL) .

Total System Design Discharge
Park River Conduit
Auxiliary Conduit

Total

Coincident Discharges in
North Branch Conduit
South Branch Conduit

Total

18,400

5,400
23,800 CFS

5,400
18,400
23,800 CFS

Height

19'-4"
26'-6"
26 ' _61!
27 l_6n
25 4 _ON

26' "“6"
26'-g"
27 l "6”
25' 0"
257 ="

23,800 CFS



B. INTRODUCTION

1. PURPOSE. The purpose of this memorandum 1s to present for review
and approval the basic structural design criteria for the structures to
be included in the Park River Local Protection Project, Hartford, Con-
necticut., The basic criteria, typical design computations, definitive
plans and other pertinent data are presented.

2. SCOPE. This memorandum covers the structural design of the twin
box conduits, junction structure, the inlet structure and headwalls at
the North Branch. The auxiliary conduit and pumping stations will be
the subject of future Design Memoranda.

3. PREVIOUS REPORTS. A detailed report on the design of structural
features for this project has not been previously submitted. The latest
previous description of the project and proposed structures is contained
in Design Memorandum No. 2, Phase II, "Project Design, Site Geology and
Interior Drainage, Part I - Box Conduit," submitted 30 August 1974.

4. LOCATION. The structures for the project are all located within
the boundaries of the City of Hartford. Structures are located on the
North and South Branches, at their confluence and on the Park River
downstream of the confluence. A General Plan of the project area is
shown on Plate 7A-1.

5. DESCRIPTION OF PROJECT. The recommended protection requires the
constructlon of five sections of twin rectangular box conduit totaling
4030 feet in length, 8,900 feet of 22'-0" diameter reinforced concrete
conduit, 195 feet of tee type floodwalls, 380 feet of I-type floodwalls,
an inlet structure, a reinforced concrete junction structure, one com-
plete pumping station and one pumping station superstructure. Plans

and elevations of the project structures covered by this memorandum are
shown on Plates 7A-2 to 7A-12,

C. HYDROLOGY AND HYDRAULICS

6. GENERAL. Approved Design Memorandum No. 1 contains the hydrology
for the project. This data is summarized in Design Memorandum DM-2
Phase II. Detailed hydraulic analysis and model study results on the
Junction structure w111 be presented in Feature Design Memorandum No. 3,
"Hydraulic Analysis."

D. FOUNDATIONS

7. FOUNDATION CONDITIONS.

a. General. The Park River flows into the project area from the
north over local alluvial features underlain by thick deposits of varved



silts and clays. The typical geologic profile displays a variably
thick deposit of compact glacial till intermediate to the clay and _
bedrock surface. Recent fills of variable composition are in evidence
along the stream channel throughout the project area. The thickness
of the overburden deposits thin rapidly to the south and east becoming
conformable with the bedrock surface at the easterly limits of the
project. The depth to the water table throughout the limits of the
project is genevally less than 10 feet below the land surface during
part of the year.

b. At Proposed Conduit Locations.

(1) Section 2, Station 8+68 to Station 21+00. Bedrock at the
section varies between 0 and 20 feet M.S5.L. and is overlain by a
compact glacial till from 1 to 15 feet in thickness. The bedrock
consists of a moderately hard gently dipping red shale and sandstone.
The bedrock surface has been variably eroded by the Park River and
by natural excavations but, in general, presents a gently sloping
bedrock surface of adequate bearing for support of the proposed struc-
tures. A projected fault defined by the alinement of the basalt
ridge at Zion Hill and previous borings made for a city tunnel inter-
sects the project at the lower end of the structures in the. vicinity
of Station 114+00. The fault projection trends northeasterly with
the upthrown side of the fault to the southeast. There is no sur—
ficial evidence of the fault at the location of the project struc-
tures. High natural fills and buildings border the present stream
channel on both sides. This section of conduit will be founded on
rock or till with limited areas requiring removal of unsuitable
material and replacement with concrete fill. :

(2) Section 4, Station 38+10 to Station 51433, The bedrock
surface dips to the north normal to the direction of the conduit
section and presents an irregular surface along the alinement of the
section between +5 and -5 M,S85.L. On the easterly side the bedrock
is overlain by a compact glacial till varying in thickness from 2 to
20 feet and is blanketed by a layer of soft varved silt and clay which
continues up the slope above the cut bank of Pope Park. These upper
slopes surficially display typical slide failures with numerous springs
which have developed pronounced gullies normal to the stream. The west
side of the alinement consists of a compact glacial till overlying the
bedrock surface and is mantled by recent fills. Seismic profiles sup-
plemented by borings have delineated the rock surface along the aline-
ment profile and normal to the stream along the critical areas of slope
stability. Bedrock throughout the section consists of a modeérately
hard red shale and sandstone generally unweathered except for localized
weathering aleong open high angle joints. Thin calcareous coatings along
the joints and caleite seams occur throughout the rock cores. Section 4
Conduit will be founded on the compact till or rock. Limited areas of
soft clay will be removed and replaced with fill concrete.

4



{3) Sectilon 5, 7 and Junctlon Structure, Station 1+55 to 12+20,
Geologlc conditions applicable to the upstream limits of Section &
are generally conformable with Section 5 except for the addition of
a continuous thickness of soft silt and clay on the northeast side
of the structure. A continuation of the compact till and soft siit
and clay layer are relatively uniform in the downstream limits of
the section. Beyond the mid~point the bedrock drops rapidly with
an increase in the thickness of the wvarved clay deposits. The till
mantle maintains a relatively uniform thickness averaging approx~
imately 20 feet over the entire alinement with ground water surface
throughout this reach approximating the stream gradient. The bedrock
surfaces are moderately irregular with a gradual deepening of the
rock from elevation O at the downstream limits to in excess of eleva-
tion -60 at the junction with existing Section 8. Fills of highly
variable cemposition encroach on both sides of the present streams
with thicknesses averaging from 15 to 20 feet. Section 5 and the
junction structure will be founded on the compact till with fill
concrete replacing soft clay deposits overlying the till. At Sec-
tions 7 where the layer of soft clay below the base exceeds 10 feet
in thickness, the conduit will be founded on end bearing piles.

{(4) Section 9 and Intake Structure, Station 39+80 to 43+00.
Northerly of Section 8 the bedrock surfaces as depicted by borings and
seismic survey rises from elevation -90 at Farmington Avenue to ele-
vation ~60 approximately 800 feet north. The moderately hard red
shale 1s overlain by thick deposits of compact glacial till -as great
as 45 feet and soft varved silt and clay to depths of 90 feet. The
ground water surface approaches the natural stream gradient. Fill
deposits of variable thicknesas blanket the soft siit and c¢lay deposits.
Bedrock in this section consists of a moderately hard red shale and
sandstone with little surface weathering. The conduit and concrete
floodwall in this section will be founded on end bearing piles.

¢. Foundation Design. Detailed foundation design studies will
be presented in Design Memorandum No. 5, "Embankments and Foundations,"
Part I. Maximum bearing pressures on the till and rock foundation is
6,000 pounds per square foot.

E. CONCRETE

8. GENERAL. Concrete for this project will be supplied from nearby
commercial sources which have been previously found acceptable for
use in Civil Works Projects. Concrete will be covered in detail in
Design Memorandum No. 4, "Concrete Materials.™

F. ARCHITECTIURAL DESIGN

9. GENERAL. The major architectural treatment for the project will
be in the form of landscaping and use of the areas above the buried

5



conduilts. The proposed landscape architecture is discussed in Design
Memorandum No. 2, Phase IL, Part I. The only location where the
structures covered by this memorandum are visible is at the inlet
structure at the Section 9 Portal. The proposed alignment of .the
headwalls, trash bars and conduit entrance will present a pleasing -
appearance from the apartment facility located to the north. Exposed
concrete at the headwalls and portal will be architecturally treated
by use of feature strips to reduce the visual impact.

G. STRUCTURAL DESIGN

10. PURPOSE AND SCOPE. This section presents the design criteria,
basic data, assumptions and procedures used in the structural design
of twin rectangular reinforced concrete conduits, concrete junction
structure, inlet structure, concrete headwalls and steel sheet pile
headwalls. Typical computations are included in the Appendix showing
the stability, maximum loading conditions and typical designs for
critical sections. A graphical presentation of loading conditions

is shown on Plate No. 7A~15. The structural design of the auxiliary
conduit and pumping stations are not included in this memorandum.
They will be the subject of future design memoranda. '

11. DESIGN CRITERIA. -

a. General.  All working stresses conform to those specified in
Engineering Manual EM 1110-1-2101, Working Stresses for Structural
Design, dated 1 November 1963. General loading conditions, design
assumptions and other design criteria are based on the following
applicable parts of the Engineering Manual for Civil Works: Standard
Practice for Concrete (EM 1110-2-2000, 1 Nov. 1971}, Details of Rein-
forcement~Hydraulic Structures (EM 1110-2-2103, dated 21 May 1971),
Conduits, Culverts, and Pipes (EM 1110-2-2902, dated 3 March 1969),
Retaining Walls (EM 1110-2~2502, dated 29 May 1961), Wall Design -
Flood Walls (EM 1110~2-2501, Change 3, dated 18 June 1962), and Design
of Pile Structures and Foundations (EM 1110-2-2906, Appendix A to
Draft, dated 16 November 1970).

b. Concrete. Concrete working stresses are in general accord-
ance with ACI Standard Building Code Requirements for Reinforced
Concrete (ACI 318-63), as modified by EM 1110-1-2101, using concrete
with a minimum ultimate compressive stress of 3,000 pounds per square
inch for walls and 4,000 pounds per square inch for the twin conduits,
junction and inlet structures. ‘

Flexure (Extreme fiber stresses in compression) - P.S.I.
Twin conduits and junction structure - 1800
Headwalls = 1050
Inlet arch and trash bars ' - 1400



c. Reinforcement.

(1) General., Details of reinforcement and placement will be in
accordance with EM 1110-2-2103, dated 21 May 1971, Details of Rein-
forcement =~ Hydraulic Structures.

(2) Grade and Working Stress. All reinforcement in the structures
18 designed for a working stress of 20,000 p.s.i. in flexural tension.
The reinforcement will be deformed bars made of new billet steel,
intermediate grade (ASTM A-615, Grade 40), conforming to the require-
ments of Federal Specification QQ-3-632C, Type II, Class B40,

(3) Spacing. The clear distance between parallel bars will not
be less than 1~1/2 times the nominal diameter of the bars except that
in no case will the clear distance between parallel bars be less than
l-inch, or 1-~1/2 times the maximum size of the coarse aggregate.
No. 18 bars will not be spaced less than 8" center to center., Parallel
reinforcement in two or more layers will have the bars directly over
each other with not less than 6" clear distance between layers.

(4) Minimﬁm Cover for Reinforcement.

Ttem Min., Cover (inches)
Rottom of base slabs 6"
All other surfaces 4"

(5) Splices. All lap splices are in accordance with the ACI
Building Code. Tension splices will be staggered longitudinally so
that no more than half the bars are spliced at any section within
the, required lap length. Bars larger than No. 11 will be butt spliced
in accordance with requirements of EM 1110-2-2103, dated 21 May 1971,
Details of Reinforcement -~ Hydraulic Structures.

(6) Temperature and Shrinkage Reinforcement. Temperature and
shrinkage reinforcement is provided where main reinforcement extends
in only one direction. Such reinforcement will provide for a ratio of
steel area to concrete area of .00l at each face with a minimum of No. 4
bars at 12 inches spacing in thin sections and a maximum of No. 6 bars
at 12 inches in thick sectioms.

(7) Minimum Transverse Steel. A minimum ratio of steel area to
conerete area of .002 will be provided at each face in the transverse
direction of the twin conduits and junction structure including areas
carrying no computed stresses. ‘




d. Steel Sheet Piling. The design of the steel sheet piling
utilized in the I~type head walls is in accordance with EM 1110~
2-2906, Appendix A to Draft, The piling will be ASTM Designation’
A-328 with an allowable working stress of 20,000 p.s.i. Inves-
tigation has shown that no protection of the piling against corrosion
is required.

e. Steel Bearing Piles. Steel bearing piles supporting the
concrete headwalls and portions of the twin conduits will be H-piles
driven into the till oéverlying bedrock. They will conform to ASTM
designation A-36 with an allowable compressive stress of 10,000 p.s.i.
Pile sections have been selected for a design capacity of 50 tons at
the concrete headwalls and 100 tons where used to suppotrt the twin
conduits and inlet: structure. Test piles will be loaded to verify
design assumptions. No protection against corrosion is required.

f. Increase in Normal Working_Stresses. Allowable working
stresses have not -been increased for any loading conditions.

g. Waterstops.  Rubber or polyvinylchloride waterstops will be
used in all concrete contraction and expansion joints,

12. BASIC DATA AND ASSUMPTIONS.

a. Loads.

(1) Dead Loads

Concrete . 150 p.c.f.
Soil, saturated _ 120 p.c.f.
Soil, submeirged _ _ 60 p.c.f.

(2) Live Loaﬁs

Water ' 62.5 p.c.f.
Wind 30 p.s.f.
Highway A,A.5.H.0. HS~-20 Loading

Twin Conduits: The following minimum live loading was
' applied to the top slab of the conduits
to provide for future land use over them.

Depth of Fill Min. Live Load
Over Top Slab Lbs./Sq. Ft.

0 500

2 400

4 300

6 200

8 100 -

9 0
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Trash bar loading at inlet, 5 ft. head differential
_Junction Structure:

Top slab . ~ 450 1bs. per sq. ft.
Top slab beams - 15C¢ 1bs. per sq. ft. over
' entire slab

b. External Water Pressures. Hydraulic preésure is assumed
to act over the entire area In question under the full head available.

- Various elevations of ground water were assumed for critical loading .

conditions.

For design of the twin conduits and junction structure, the
following assumptions were made:

1) When conduit is empty (for maximum boayancy) ground water
is assumed mid-height between the invert of lateral drain and top
of roof Sldb. _ : . -
: g . e
(2) Whén conduit is full under pressure (for maximum foundation
reaction) no ground water 1s assumed. .

(3) For design of exterlor walls only, ground water is assumed
at top of conduit with no water inside. :

For design of headwalls; hydrostatlc pressure, assuming water
to the top of the wall, is taken as full pressure on riverside and
varying from full head at bottom of riverside base to zero at ground
surface 1andside ‘by the creep method.

c. _Internal Water Pressure. An internal bursting pressure
equal to the difference in head between maximum hydraulic grade
line and the soffit elevation of the roof sladb was assumed. The
differential for the various sections of conduits is as follows: .

Section No. _ L .~ Bursting Head
-2 6!
4 7'
5. 6.5
7 varies 7' to 10"
9’ 6T

For design of the center parting wall a construction con-
dition was assumed with the water inside one barrel to a depth of
s8ix feet and no water in the adjacent barrel. For this condition
it was assumed the roof slab 1s not in place. C




d. Earth Pressure. Earth pressures were determined in general
accordance with EM 1110-2-2502, Retaining Walls, dated 29 May 1961.
Lateral pressure coefficients were assumed for either at rest or
active pressure conditions to attain the critical loading for the
various components of the twin conduits. An at rest coefficient of
0.5 was assumed.

e. Earthquake Forces. Earthquake forces have not been con-
sidered in the design of the structures covered in this memorandum.

f. Frost Protection. The base of all structures are buried
well below the 4-foot depth required for frost protection in the
area,

g. Uplift Factor of Safety. A mindimum factor of safety against
uplift of 1.1 is provided for the conduits, assuming ground water
mid-height between the invert of lateral drain and top of roof slab
and no water in the conduit, For this condition no live load is
assumed acting; friction between the soil and exterior walls is con~
sldered developed by at rest pressure on the walls, and the minimum
depth of fill is assumed in place on the roof slab. A friction coef-
ficient of 0.5 was assumed for soil against the walls.

h. " Location of Resultants.’ In the Investigations of stability
of the headwalls, the resultant of the horizemtal and vertical forces

" has been held within the middle half of the base when flood is at

the top of the wall and within the middle third of the base when
flood is within three feet of the top of the wall.

i. Slidlng. Sliding forces on the- headnalls will be resisted
by the steel foundation piles. o

13, PREPARATION OF DESIGN COMPUTATIONS .Extensive use has been made
of the computer in analyzing the twin conduits and junctions structure.
The program "EFFRAM, Analysis of Plane Frames on Elastic Foundation"
(Program No. 713 DOF7110) was used. This program utilizing the direct
stiffness method of matrix analysis considers the foundation to be
elastic based on Winkler's concept of: analogous springs A corrected
modulus of subsoil reaction of 170,000 pounds per cubic foot was used
for conduits founded on till and a corrected modulus. of 500,000 pounds
“per cubic foot for conduits founded on rock. Representative cal-
"'culations of typical de51gn sections have been 1nc1uded in the Appendix.

14, DESIGN OF STRUCTURES.

a. General. The étructures required as part of the project and
covered in this memorandum include five sectiocns of twin box conduits
totaling 4,036 feet, a junction structure joinming conduit Sections 4,
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5, and 7, concrete headwalls and inlet structure with trash structure
at the north branch. The twin conduits will enclose reaches of open
channel between existing conduits. Construction of the conduits will
require construction sheeting, soldier beams and lagging, river diver-
sion and roadway detours in certain areas. Construction procedures
‘and diversion plans are discussed in detall in Design Memorandum No. 2,
Phase II, Part I, submitted 30 October 1974, A general plan of struc-
ture locations is shown on Plate 7A-1.

b. Twin Conduits.

(1) General. The five sections of twin conduit are of various
lengths and cross sectional area, and will generally be constructed
in 30~-foot long monoliths. Section 2 is approximately 1,232.feet long
with each barrel measuring 34' wide by 26.5 high inside. It will extend
from the east end of existing Section 3 downstream to the west end of
existing Section 1. The proposed conduit will carry the Flower and
Broad Street crossings in their existing locations, eliminating the
need for the existing highway bridges and a pedestrian overpass. This
section of the conduit will be founded on rock or till and will be
constructed in two halfs to accomodate channel diversion. Section 4
will extend from the proposed junction structure downstream to the west
end of existing Section 3, a distance of approximately 1,323 feet.
Eash barrel will measure 34 feet wide by 26.5 feet high inside. The
conduit will be founded on rock or till and the barrels must be built
in two stages to provide for channel diversion. Section 5 will en-
close the short reach between the end of existing Section 6, carrying
the south branch, and the junction structure, a distance of 125 feet.
Each barrel will measure 36 feet wide by 27.5 feet high. The section
wiil be founded on compact till and the cross section must be con-
structed in two halfs to allow for water control., Section 7 will
extend from existing Section &, carrying the north branch, to the
proposed junctlon structure, a distance of 1,065 feet. The inside
dimensions of each barrel will be 22 feet wide by 25 feet high.
The structure will be supported on steel piles located beneath the
exterior and parting walls. The entire cross section of each mono-
lith, except for three monoliths adjacent to the junctiom structure,
can be constructed in one stage as the river will be carried in a
temporary flume located outside the limits of conduit construction.
Soldier beams, lagglng and sheeting existing on the south side of
the proposed conduit will be utilized as construction sheeting. The
conduit will carry Laurel Avenue in its present location eliminating
the existing bridge and the Laurel Avenue detour crossing during con-
struction. Section 9 is an extension of the north end of Section 8,
the existing intake conduit for the north branch of the river. The
proposed conduit will carry the Farmington Avenue crossing in its
present location and provide for a detour crossing during constructicn
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at Framington Avenue. The north end of Section 9 will be the new
inlet and will be flared to join new concrete headwalls which will
follow a, serpentine alignment. Concrete trash bars and a drop inlet
will be integral features of inlet end of the conduit. The conduilt
will be supported by steel piles located under the walls driven into
tlll. The culvert cross section must be constructed in two stages
to accomodate the channel diversion scheme.

(2) Loading Conditions. Seven general loading conditions
were considered in design of the conduits., Four of these cases pro-
duced critical design parameters for the various points on the struc-
ture. In addition, special construction and service loading conditions
applicable to specific monoliths were applied where appropriate. The
four critical loadings are graphically presented on Plate 7A-15.

(a) Loading Case 2. Assumes earth and live load acting on roof
of the conduit with active earth pressure and surcharge equivalent to
live load acting on exterior walls. No water is assumed in the conduit
for this loading condition. This loading produces the critical moments:
for the design of reinforcing at bottom of roof slab between walls,
top of roof slab over parting wall for all sections. It also produces
critical moments for the design of reinforcing at top of base slab
between walls, and bottom of base slab at parting wall for those sec-
tions founded on till or rock.

(b} Loading Case 3. Assumes conduit full with applicable
bursting head, active earth pressure on the exterior walls, earth in
place on roof slab and no ground water outside. This loading produced
maximum foundation loading for all sections and a check on reversal
of stress at inside faces at cormers., A similar loading considering
live load on the roof with normal ground water outside was less critical
for foundation design. This case also produced maximum moments for
design of reinforcement at top of base slab at walls and bottom of base
slab between walls for sections founded on piles.

{c) Loading Case 6. Assumes ground water to top of conduit with
sufficient water inside to balance vertical forces, at rest earth pres-
sure equal to 0.50 of its submerged welght and lateral water pressure
acting on the exterior walls and earth in place on roof slab. This
loading was intended to produce maximum moment for design.of reinforcing
on inside face of exterior walls, but was not critical for any of the
conduit design sectioms. '

(d} Loading Case 7. Same as Case 6, except live load acting on
roof slab and equivalent live load surcharge acting on exterior walls.
This loading produced maximum moments for reinforcing on exterior face
of roof slab at the exterior walls and for both faces of the exterior
walls.
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The remaining general loading cases with varying ‘conditions
of ground water and conduit flow were considered and found not to
be critical for design.

(3) Typical Design Sections. There is one typical design
crogs section for each of the conduit sections. In addition there
are two design cross sections covering the highway crossings at
Broad Street and Farmington Avenue in Sections 2 and 9 respectively.
The typical design cross section for the sectlon in which they are
located will suffice for the Flower Street and Laurel Avenue cross~
ings. The design sections for highway crossings will be applicable
for monoliths at.the existing crossing and for those monoliths
affected by detours of the roadways during construction. Structural
and geometric details of the design cross sections are shown on Plate
Nos. 7A-13 and 7A-14. Typical stability computations for the con-
duits are included in the Appendix.

¢. Junction Structure.

(1) General. The junction structure to be located at the con-
fluence of the north and south branches will combine the flows from
the conduit system enclosing each branch. It will divide the outlet
flows between the existing outlet at Section 1 and the proposed auxi-
liary conduit which will outlet downstream of Section 1. The struc-
ture measures approximately 138 feet in the direction of flow with
the maximum width equaling the combined width of Sections 5 and 7
entering it. The reinforced concrete structure will consist of a
roof slab supported by beams which will run continuocus over internal
concrete plers resting on a base slab of uniform thickness. The
exterior walls will be constructed integral with the base and roof
slabs. The base slab will be founded on till or on fill concrete
which will replace a layer of varved clay overlying the till.

(2) Loading Conditions. Due to its size and configurationm,
the structure will be designed in parts with the loading selected
to produce critical design conditions in each of the parts. The
live loading has been selected to allow for future use of any part
of the roof for vehicle parking. The general loading conditions
for stability and design of the base slab and exterior walls will
be the same as those listed for the twin conduits. The bearing
pregsures on the base slab will be computed considering the founda-
tion soil to be elastic. The design of the rcof slab and walls will
consider stresses induced by deflection of the roof beams, under
various conditions of roof slab loading.

(3) Typical Design Sections. Because of its peometry, there
is, as such,.no typical design section for the junction structure.
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Design computations have been made for the roeof slab at a specific
location and for a representative roof beam. The base slab will be
analyzed necessarily in its entirety. The structural details for
these designs and the general layout of the structure have been
shown on Plate Nos. 7A-7 and 7A-8. Calculations covering the struc-
ture stability and representative designs have been included in the
Appendix.

d. Concrete Headwalls.

(1) General, Tee-type concrete floodwalls will extend from
the flared ends of the intake structure (Section 9) to form the head-
walls for the North Branch conduit. This wall will have a serpentine
configuration in plan and the elevation of the base slabs will be
stepped generally paralleling the slope grading. The east flood wall
will have approximately 135 feet of tee-type wall with a maximum
height of 32.5 feet. Approximately 60 feet of tee-type wall with the
same maximum height will be included in the flood protection on the
west side of the conduit. The tee-~type walls will be founded on steel
H~piles driven into the till overlying the bedrock.

(2) Loading Conditions.

{a) Loading I - Water surface to top of wall riverside. Uplift
is assumed varying from full head at bottom of base slab riverside to
zero at the ground surface landside by method of creep. Resultant to
fall within middle~half of base.

(b) Loading II ~ Same as Loading I, except water surface 3 feet
below the top of the wall and the resultant of forces to fall within
the middle~third of the base.

(¢) Loading IIL - No flow in river and 50 pounds per square foot
wind load applied from landside on the height of wall above landside
grade. A 3'-0" earth surcharge in addition to the wind load is applied
landside to allow for vehicular parking along the wall. Resultant of
forces to fall within middle-third of base under this loading condition.

(d) Loading IV ~ Because of special ponding conditions behind
the east side floodwalls, they will be checked for an additional loading
case (Case IV) which assumes water at elevation 27.0 riverside and at
elevation 40.0 landside with a 50 pounds per square foot wind load
applied to exposed height of wall from landside. '

{(3) Typical Design Sections. Several design sections will be
required for the varying conditions of wall height and finished grade
elevation. The first three sections of wall on the east side will be
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analyzed as total monoliths rather than as one foot long sections
because of the trapezoldal shape of their base slabs., The Appendix
contains representative design calculations for wall sections and
stability calculations for one of the curved monoliths. Plate

No. 7A-3 shows the general layout of the headwalls and typical struc-
tural details. Loading conditions are shown on Plate 7A-15.

e. I-Type Sheet Pile Headwalls.

(1) General. Where the required flood protection at the head-
wall is 10 feet or less, I~type walls will be used. They will extend
from the ends of the tee walls on each side to a point where the grade
meets flood elevation. This will require 265 feet of I-type floodwall
on the west side and 115 feet on the east side. The walls will con~-
sist of Z-32 section steel sheet piling driven the required penetration
into existing soil. The portion of wall extending above grade and the
top 5'-6" portion below grade will be constructed of reinforced concrete.
The steel piling will be embedded 4 feet into the concrete section.

(2) Loading. The critical loading used in design of the I-walls
assumes water at the top of the wall riverside and at the ground sur-
face landside. Ground surface is assumed at the same level of both
sides of the wall. :

(3) Typical Design Section. The design computations for fhe
typlcal I-wall section are included in the Appendix. A general layout
of the walls and structural details are shown on Plate No. 7A-3,

£. Inlet Structure.

(1) General. The inlet is a pile supported concrete monolith
congisting of an entrance weir forming a drop inlet and a section of
twin conduilt transitioning the inlet section to that of the conduit at
Sectlon 9. Also included are five 18-inch diameter concrete trash bars
extending from the top of the weir to a horizontal concrete arch span-
ning the mouth of the inlet structure. The thrust of the arch is
carried to the foundation by concrete buttresses built integral with
the inlet walls. The major features of the inlet structure are shown
on Plate 7A-4.

(2) Loading Conditions. The transition portion of the inlet
structure is subject to the same loadings applied to the twin conduits.
The trash bars, arch and buttresses are designed for two conditions
of static loading. Condition 1 considers the inlet completely clogged
with a five foot differential head acting on the projected area of the
inlet at the trash bars. This condition produces maximum thrust in
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the arch and governs the design of the buttresses. Condition 2 con-
siders one-half of the trash ring loaded, thereby producing maximum
mometit in the arch. The dynamic condition of water flowing freely
through the trash bars is not critical for design. The static loading
governs the design of all members.

(3) Design. The stability of the inlet monolith will be checked
as a unit. The steel piles supporting the base slab will be designed
for 100 ton capacity. The base slab will be designed for two way
action. Because the arch will carry no load under noxrmal conditions,
it will be designed as three hinged to minimize bending induced by
shrinkage and temperature changes. Representative design calculations
. for the various parts of the inlet structure are included in the

Appendix. '

15. CONSTRUCTION PROCEDURE. Certain procedures will have to be
followed to accomodate stream flow and maintain traffic during con-
struction. The necessary temporary construction and phasing of oper-
ations are discussed in detail in Design Memorandum No. 2, Phase II,
Part I. Plate 2A-13 of that memorandum is a plan of the pha51ng of
construction operations for conduit sections 4, 5, 7 and the junction
structure. Basically, under the proposed diversion plan, section 7
and the junction structure may be constructed in complete monoliths,
as the flow will be carried im a temporary flume outside the limits
of construction. At sections 2, 4, 5 and 9, the monoliths must be
constructed in two-half sections (transverse). The longitudinal
construction of monoliths must also be completed in required sequence
to provide detour crossings for traffic and utilities in sections 2,
7 and 9. Temporary construction will include a semi-circular flume,
cantilevered and braced sheeting, tied back soldier piles with lagging
and sand bag dikes. Cross sections showing typical sheeting install-
ation and diversion locations are shown on Plate Nos. 2A-4, 5, 7, 8,
9, 10 and 11 of Design Memorandum No. 2, Phase II, "Project Design,
Site Geology and Interior Drainage,’ Part I -~ Box Conduit.

H. COST ESTIMATES

16, ESTIMATE OF COSTS. No feasible alternates to the proposed con-
struction were found as the project is bhasically the completion of a
partially constructed works. Comparative estimates are, therefore,

not applicable. The latest estimate of construction costs is con-
tained in Design Memorandum No. 2, Phase II, Part I. That estimate

ig currently being revised for refined quantities and unit costs, and
will be presented in Design Memorandum No. 2, Phase IT, "Project Design,
Site Geology and Interior Drainage," Part II - Auxlliary Conduit, which
is scheduled for submittal in November 1974,
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